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Abstract 

A two stack two color quantum well infrared photodetector (QWIP) for simultaneously detection of LWIR and near 
infrared (NIR) radiation is demonstrated. The LWIR sensor is based on a regular GaAs/AlGaAs QWIP, while the NIR 
sensor is based on a strained InGaAs/GaAs quantum wells structure. Optical and electrical measurements of the NIR 
detector and the inclusive device are presented and discussed. © 2001 Elsevier Science B.V. All rights reserved. 
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1. Introduction 

Among end-users of thermal imaging systems 
there is a strong demand for multispectral systems. 
A suitable candidate for such systems is the 
quantum well infrared photodetector (QWIP). The 
QWIP technology enables us to design and fabri¬ 
cate arrays sensitive simultaneously to the two 
spectral bands 3-5 and 8-12 pm [1,2], or in several 
narrow bands within one of the spectral regions 
[3,4], Another important military application of 
multispectral system is a “see spot”, i.e. a system 
that can sense a near infrared (NIR) laser spot 
together with the LWIR thermal image. 

In this work we have designed and fabricated a 
monolithic dual band QWIP sensitive to both the 
LWIR (peaked to 8.8 pm) and to the NIR spectral 
regions. A GaAs based QWIP was chosen due to 
its more advanced and reliable technology com¬ 
pared with other technologies. To sense NIR ra- 
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diation in a GaAs based structure, InGaAs alloys 
must be used, as will be described below. 


2. Experimental 

Two samples, which differ essentially in the in¬ 
dium concentration of the InGaAs layers, were 
grown by QED Inc. on semi-insulating GaAs 
substrates by molecular beam epitaxy. As can be 
seen in Fig. 1, the structure contains two stacks. 

The first stack is a regular intersubband tran¬ 
sition QWIP detector, sensitive to the LWIR 
spectral region. The second stack is based on in¬ 
terband transition InGaAs/GaAs quantum wells, 
and sensitive to the NIR spectral region. Two 
different structures were grown one with 35% in¬ 
dium mole fraction, and the other with 30% in¬ 
dium mole fraction. Three contact layers were 
defined top, bottom and middle. 

To operate the device properly under a regular 
two-pole bias, the structure was designed so the 
bias will be distributed equally between the two 
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sensing regions. To facilitate this requirement an 
AlGaAs barrier was added. This enables one, by 
changing the barrier height and width, to take care 
of the relative impedance of the two stacks. 

Since GaAs and AlGaAs are transparent to the 
NIR, InGaAs was used as an absorption layer 
for this band. The transition wavelength of the 
InGaAs layers depends on the indium mole frac¬ 
tion and the layer thickness. As known there is 
an inherently mismatch between the GaAs and 
the InGaAs lattice constant. Therefore, the layer 
thickness of the InGaAs grown on GaAs should 
not exceed a critical thickness to avoid a strain 
relaxation which gives rise to dislocations and thus 
degrade the device performances. It must be em¬ 
phasized that there is a large disagreement in lit¬ 
erature regarding the dependence of the critical 
thickness on the indium mole fraction [5-8], In 
order to fit the InGaAs composition and thickness 
to the NIR wavelength, we relied on the analysis 
given in Refs. [5,8,9], In order to ensure that all the 
strain will be confined in the InGaAs layer, the 
thickness of the GaAs barriers were chosen to be 
sufficiently large (3000 A). 

The optical properties of the structure were 
examined using the photoluminescence (PL) tech¬ 
nique. Using standard photolithography tech¬ 
niques 200 x 200 pm 2 mesas were fabricated. The 
mesas contained only the NIR detector region (top 
to middle contact). Dark current and spectral re¬ 
sponse measurements were taken in several tem¬ 
peratures. Second 200 x 200 pm 2 mesas were 



Fig. 2. Experimental setup for laser sensing over the thermal 
response. 


fabricated, containing both stacks (top to bottom 
contact). Reflecting gratings were defined on top 
of the structure, to enable the ISBT transitions at 
the LWIR stack. LWIR and simultaneously 
LWIR/NIR response measurement were taken. 
The setup for the simultaneously LWIR/NIR re¬ 
sponse measurement is shown in Fig. 2. 

The system contained a standard setup for 
8-12 pm spectral response measurement, i.e. light 
source, monochromator, optics, chopper, lock-in 
amplifier and a computer control unit. 


3. Results and discussion 

3.1. Optical measurements 

The PL spectrum of the 35% indium based 
structure is shown in Fig. 3. As can be seen the 
peak wavelength fits the designed 1064 nm. The 
observed linewidth, however, is about 23 meY, 
which is few times wider than that of a typical 
lattice-matched PL line. This may indicate a par¬ 
tially relaxed structure. 

A much narrower PL spectrum was obtained in 
the 30% indium based structure as shown in Fig. 4. 

This result may indicate that this structure is 
fully strained. 
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I PL of 30% Indium [ 
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Fig. 4. PL measurement of the 30% indium structure at 77 K. 

3.2. Dark current measurements 

The main purpose of the top AlGaAs barrier is 
to limit the dark current. Charge carriers can 
penetrate through the barrier by tunneling and 
thermionic emission. The current due to therm¬ 
ionic emission can be written as: 

4=.4r 2 exp(-^ (1) 

where <j> n is the barrier height. The dark current 
divided by T 2 vs \/T is shown in Fig. 5. 

It is evident from this figure that the tempera¬ 
ture dependence of the current at low and high 
temperatures are different, indicating different 
current mechanisms in the two regions. 



The results can be explained by a current 
mechanism dominant by thermionic assisted tun¬ 
neling at low temperatures, and a thermionic 
emission at the higher ones. In the high tempera¬ 
tures range activation energy of 160 meV was de¬ 
rived. The AlGaAs barrier is 224 meV high and the 
Fermi level at the contact layer is 34 meV. This 
gives an effective barrier of 190 meV. However, 
since a large fraction of the applied voltage falls on 
barrier, one expects a large image charge barrier 
lowering. Thus, for a barrier voltage drop of 1 V a 
barrier lowering of about 40 meV is obtained, 
giving a reasonable agreement between the ob¬ 
served and calculated effective barriers. 

3.3. Spectral response measurements 

Spectral response was measured at several 
temperatures. Typical results at 72 K -3 Y bias are 
shown in Fig. 6. 

The experimental data was fitted to transition 
spectra composed of three lines, using Gaussians 
lineshapes. The best fit calculation yield the 
wavelength 898, 947 and 1054 nm, in good agree¬ 
ment with the calculated values of InGaAs HH2 
E2 (884 nm), InGaAs LH1 El (913 nm) and 
InGaAs HH1 El (1064 nm) respectively. 

The measured response in the 30% indium 
based structure at 1064 nm, 77 K and -3 Y bias 
was 0.04 AAV. 
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Fig. 6. Spectral response of NIR stack. 

The responsivity ( R ) can be written in the 
standard used for photoconducting detectors: 

R= h r,g (2) 

where q is the electron charge, h is Planck constant 
and v is the light frequency. The quantum effi¬ 
ciency q can be written as: 

n = (3) 

where ty 0 is the efficiency of converting the NIR 
photons into charge carriers at the lower energy 
level of the quantum well, and P e is the probability 
of charge carrier in this level to escape to the 
continuum. For small absorption: 

ilo = oiL w (4) 

where a is the absorption coefficient for interband 

transitions, and L w is the well width. For a thermal 

process the escape probability is given by: 



where V is the barrier height, E\ is the lowest en¬ 
ergy level at the well, k is Boltzmann constant and 
T is the temperature. 

The gain g is given by: 

g = (6) 

where t l is the lifetime of excited charge carrier in 
the lowest energy level of the well, and r t is the 


transition time of charge carrier over one period of 
the structure. Typical lifetime of strained InGaAs 
layers is 1 ps [10]. This value is much larger than 
the 1 ps typical lifetime of intersubband transition. 
Thus InGaAs NIR detector gain is a few orders of 
magnitude higher than that of the LWIR QWIP. 

We have calculated the current responsivity vs 
bias for this structure using a model which takes 
into account the thermionic emission and ther¬ 
mally assisted tunneling, including image charge 
barrier lowering [11], For the 30% indium based 
structure with a band offset ratio of V c : V v = 60:40, 
the conduction band barrier is 224 meV. For a well 
width of 60 A the lowest energy level (£i) is 65 
meV. The calculation yields a responsivity which is 
about six orders of magnitude smaller than the 
observed one. This large discrepancy between the 
observed and calculated values can be attributed 
to the band offset of 60:40 used in the calculation. 
In the literature a rather wide range of band offset 
values is reported for InGaAs, extending from 
90:10 to 35:65 [12]. 

The calculated current responsivity vs bias for a 
band offset ratio of 40:60 is shown in Fig. 7. 

In this calculation the potential drop on the 
AlGaAs barrier was neglected, and the bias was 
assumed to be uniformly distributed over the five 
wells of the NIR stack. 

As can be seen the calculated responsivity of 
the 30% indium based structure at -3Y bias is 0.03 
AAV in good agreement with the measured one. 



Bias Voltage [VJ 


Fig. 7. Calculated responsivity vs bias (one period) of NIR 
stack. T = 77 K band offset 40:60. 
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Fig. 8. Response current of 35% indium based structure under 
fixed YAG laser illumination vs l/T in temperature range of 
125-200 K. 


In order to check out the validity of our as¬ 
sumption regarding the band offset ratio, a photo 
current experiment was carried out on the 35% 
indium based structure using as a constant radia¬ 
tion source a CW YAG laser at 1064 nm. The 
photocurrent under the laser radiation was mea¬ 
sured as a function of temperatures in the range of 
125-200 K as shown in Fig. 8. 

The photocurrent varies exponentially with 
1 /T, with an activation energy of 142 meV. In this 
temperature range the shift in the position of the 
peak at the PL is much smaller than the linewidth, 
i.e. the absorption of the laser radiation is almost 
constant in this temperature range. The value of 
the activation energy does not match the 60:40 
offset ratio, which corresponds to a calculated ef¬ 
fective activation energy of 185 meV. 

It must be emphasized that the change in cal¬ 
culated energy transitions of the 40:60 offset ratio 
compared to the 60:40 case, is negligible. 

The spectral response of the LWIR region of 
the device can be seen in Fig. 9. 

A peak responsivity of 0.15 A/W was measured 
at 77 K for a bias of -3 V applied on the entire 
device containing both stacks (top to bottom 
contacts). 

This response is much lower than the respon¬ 
sivity of 0.45 A/W, which we obtained for a LWIR 
QWIP without a NIR stack [13]. Two factors can 
contribute to this difference. Firstly, in this struc¬ 



Spectral response of 30% Indium 



Fig. 9. Spectral response of the 30% indium alloy structure. 


ture due to the larger impedance of the NIR stack, 
smaller fraction of the bias falls on the LWIR 
stack. Secondly, since the NIR stack in located 
below the reflecting mirror, the optical coupling to 
the LWIR stack is reduced. 

The operation of the device as a dual band 
detector was demonstrated using the setup shown 
in Fig. 2. 

During the wavelength scanning a 10 mW ra¬ 
diation of a CW YAG (1064 nm) laser was applied 
for a limited time. The results are shown in Fig. 10. 

The response of the detector to the NIR laser 
radiation can clearly be seen over the thermal re¬ 
sponse. This result indicates that the device is 



wavelength [nm] 


Fig. 10. Spectral response of the 30% indium based structure 
interrupted by a 1064 nm laser pulse (two pole -3 V bias, 72 K). 
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capable of sensing simultaneously the two spectral 
bands. 


4. Conclusions 

A simultaneously dual band QWIP for the 
LWIR and NIR spectral band was presented. The 
electrical and optical measured results indicates 
that it is possible to realize with this device a 
thermal imaging system that can sense a laser spot. 
An effort must be done to optimize the device for 
the end users needed applications. 
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